Introduction
The solubility or resistance to disintegration of dental cements is an important criterion in assessing the quality of materials to be used as bases or liners in dental restorations. The American National Standards Institute (ANS)/American Dental Association (ADA) solubility tests in specifications 8, 9, 21 and 30 have been criticized by Pulver & Rossington (1970) , Wilson (1976), and McCabe (1982) for: (i) using distilled water rather than oral fluids, (ii) the length of the testing period (1 week) and (iii) the lack of agitation during the test. Lewin (1980) had observed that some dental cement bases disintegrate under existing restorations and that the traditional solubility measurements could not explain the loss of these cement bases during clinical service. A possible explanation for this disintegration is the presence and contact of dentinal fluid from the underlying dentine tubules. Walls, McCabe & Murray (1985) developed an erosion test in which they alternated the cements in 0-1 M sodium lactate/lactic acid buffer at pH4-0 and distilled water at pH5-5. The values correlated with in vivo observations for acid/ base cements such as silicate, zinc phosphate, zinc polyacrylate and glass ionomer. Stuben & Kreudenstein (1956) have determined the free amino acid content in dentinal fluid compared to blood and found one-half the reducing substance in the former. In a later paper by Kreudenstein (1958) the concentration of protein in dental lymph was reported to be 0-15g%. Haldi, Wynn & Culpepper (1961) described the principal chemical components in the dentinal fluid of dogs by placing capillary tubes through the enamel into the dentine, avoiding contact with the pulp. The clear, somewhat viscous fluid had a chemical composition similar to that of the blood plasma of the same animal, with the glucose concentration in the dentinal fluid being the same as that of the arterial plasma and slightly less than in the venous plasma. However, the protein concentration in the dentinal fluid was about one-fifth of that in the blood plasma.
The general lack of correlation of the laboratory tests for solubility of cements with usage tests, except for acid/base cements in the test by Walls et al (1985) , led to the evaluation of the solubility of zinc oxide-eugenol and calcium hydroxide base cements in a simulated dentinal fluid and a comparison of these values with those obtained using the ADA specification no. 8 (1986) solubility test in distilled water.
Materials and methods
The simulated dentinal fluid was prepared using human blood plasma and a composition based on the data of Haldi et al. (1961) . Human plasma was diluted with sterile water in a 1:5 ratio and glucose was added to achieve an 85mg% solution. The solution was then sterilized by filtration through a 0-22/im millipore filter under sterile conditions in a laminar flow hood.
Discs of the zinc oxide-eugenol (Fynal and Cavitec) and calcium hydroxide (Dycal and Life) cement base materials (Table 1) , 20 mm diameter and 2 mm thick, were fabricated in stainless steel moulds. Preweighed stainless steel wires were embedded in the discs during fabrication to assist in the handling of the samples, and identifying loops were placed in the wire prior to immersion. Base/catalyst ratio 1-5 g/0-5 ml
Six-inch Boston round bottles containing custom-made stainless steel bracing inserts were used to hold the samples in the simulated dentinal fluid or distilled water.
The discs were weighed and gas-sterilized with ethylene oxide for 24 h and then degassed for the same period of time. For each month of the study eighteen samples were fabricated for each brand of material (three bottles of three samples in simulated dentinal fluid and three bottles of three samples in distilled water). The bottles were filled with 100 ml of either simulated dentinal fluid or distilled water. Strict adherence to sterile techniques was observed to prevent bacterial contamination.
The type of fluid and length of immersion for each sample set in the study was determined using a table of random numbers. The bottles and their samples were placed in a shaker water-bath and maintained at 30 r.p.m. and 37°C. After 1 month. one-third of the bottles and samples, chosen by random selection, were removed from the shaker water-bath. At the end of the first, second, and third months, the samples were removed from their bottles and transferred to numbered sterile bottles containing CaSO4 desiccant. In order to reach constant weight the samples were desiccated for 60 days before they were weighed. The percentage loss was calculated after subtracting the weight of the stainless steel wires.
Results
The percentage loss of each sample set and their standard deviations are shown in Table 2 . A three-way analysis of variance (ANOVA) on dental cement bases, fluid, and time was performed to test for differences in percentage loss. If a significant i^-statistic occurred, the least difference test was applied to determine which means were significantly different. All tests were performed using a significance level of For the zinc oxide and eugenol samples (Fynal and Cavitec), the ANOVA revealed no significant difference with time. Significant interaction, however, was observed when dental cement bases and fluids were compared (Table 3) . Because no significant time interaction was noted, all the samples of Fynal from the first, second and third month were pooled, as were those for Cavitec.
The least difference test revealed that there was a significant difference in Table 3 . Statistically significant solubility differences between zinc oxide-eugenol cement bases in water and simulated dentinal fluid * Indicates statistically significant differences in the mean loss of dental cement bases (time was not a factor for zinc oxide-eugenol cement bases). Table 4 . Statistically significant solubility differences between Dycal (D) and Life (L) in water (W) and in simulated dentinal fluid (F) for one (1), two (2) and three (3) solubility between Cavitec in water and Fynal in water, Fynal in simulated dentinal fluid, and Cavitec in simulated dentinal fluid. Also, Fynal in water produced significantly different results from all the other groups. There was, however, no significant difference between the Fynal or Cavitec groups in simulated dentinal fluid.
For the calcium hydroxide materials (Life and Dycal) the three-way analysis of variance revealed significant interactions, and the least difference test was performed. The conditions where the calcium hydroxide bases were statistically different are presented in Table 4 .
Discussion
The 23-24-h immersion time of the ADA specification tests for cement solubihty is well within acceptable limits for zinc oxide-eugenol cement bases, since the zinc oxide-eugenol samples only dissolved initially and then remained stable for the remainder of the study. Solubihty at periods longer than 1 month proved not to be significantly different for zinc oxide-eugenol products. The solubility in water of the calcium hydroxide product. Life, was also unrelated to the length of testing.
Zinc oxide-eugenol samples appeared to be less stable in simulated dentinal fluid than in water, suggesting that testing in water may indicate a lower dissolution rate than occurs in the clinical situation. Calcium hydroxide samples, in contrast to the zinc oxide-eugenol products, appeared to be more soluble in water than in simulated dentinal fluid. Testing these materials in water as recommended by ADA specifications would indicate they are more soluble than in a clinical situation. Also, Dycal was more soluble than Life when evaluated over a prolonged period.
The chnical relevance of these results may he in the application of a particular cement base. A base selected for strength and mass should be relatively insoluble and possess great strength. A base selected for medicinal properties, however, should have some dissolution at the vital dentine base interface. If this material is relatively insoluble, ion exchange through the dentinal tubules to the odontoblastic layer may be impeded, with decreased amounts of secondary dentine being formed.
Conclusion
The ADA solubility tests may not provide a valid evaluation of the solubility of zinc oxide-eugenol or calcium hydroxide products since these tests use distilled water as the medium. Zinc oxide-eugenol products have higher solubilities in simulated dentinal fluid than distilled water, and calcium hydroxide products have lower solubilities in simulated dentinal fluid than distilled water.
The length of time specified in the ADA solubility tests appears adequate for testing zinc oxide-eugenol products because perceptible dissolution occurred only in the first month. Calcium hydroxide products, however, continued to dissolve for 3 months longer than the study.
American Dental Association specifications for solubility should be revised to include longer periods of time, an agitation process, and should use a fluid medium that more closely simulates physiological fluid.
